Introduction
The first hand transplantation was performed in Lyon, France, on 23 September 1998 by an international team of surgeons [1] . Since then, hand transplantation programmes have been launched in the United States, Austria, China, Italy, Belgium and Poland [2] [3] [4] [5] [6] , and the teams felt the need to create a worldwide registry to provide a basis for cooperation and to share their experiences (Fig.  1) . Since May 2002, all groups [7] performing hand transplantations have supplied detailed information to the International Registry on Hand and Composite Tissue Transplantation (IRHCTT; www.handregistry.com). Follow-up period ranged from 2 to 85 months (Table 1) . A good number of composite tissue transplantations other than the hand have been performed around the world in the period 1994-2006, including the femoral diaphysis, the knee, the larynx, the uterus, the abdominal wall, a lower limb in conjoined twins, and most recently, the face in two centres. These allografts are listed in Table 2 .
Clinical Cases
From September 1998 to February 2006, 18 men underwent 24 hand/forearm/digit transplantations requiring immunosuppression (11 unilateral and four bilateral hand transplantations, two bilateral forearm transplantations, one thumb transplantation). Average recipient age was 32 (19-52 years). The level of amputation was mostly at the distal forearm or wrist. Time since hand loss ranged from 2 months to 22 years. The donors were all male, with an age of 16-50 (average 33). Donor selection was based on negative lymphocytotoxic cross-matching, race, gender, size, age as well and skin-color matching (Table 3) .
Transplantation Procedure
In 50% of transplantations, limbs were harvested prior to solid organs while the remaining 50% were procured after extraction of solid organs. University of Wisconsin (UW) solution was used for cold flush and limb preservation in 16 cases; in two cases, heparinized saline solution was used. Cold ischaemia time ranged from 30 m to 13 h (mean 5.3 h), largely depending on local circumstances, including geographical distance between donor and recipient. The repair sequence of the different tissues varied considerably; however, bone fixation and arterial repair were performed first by all groups. After completion of bone fixation and arterial anastomosis, venous anastomoses and reperfusion followed in most cases. Median and ulnar nerves were always repaired while the radial nerve was reconstructed in only 13 limbs. Innine cases, tendon repair was achieved by suturing individual tendons while in the remaining cases, it was necessary to repair them in groups or by using a mixed individual/group technique.
All patients followed a rehabilitation programme, which included physiotherapy, electrostimulation and occupational therapy.
Immunosuppressive Treatment

Induction Therapy
The most commonly used treatment (n=11) included anti-thymocyte globulins (ATG), tacrolimus, mycophenolate mofetil (MMF) and steroids. The second-most used treatment (n=5) included monoclonal antibodies (Basiliximab), tacrolimus, MMF and steroids. Two patients were treated with tacrolimus, MMF and steroids plus a steroid cream (Table 4) .
Maintenance Therapy
A triple combination was widely employed for maintenance of immunosuppression, similar to that currently used in standard treatment of solid-organ transplantation. Fifteen patients followed a protocol consisting of tacrolimus, MMF and steroids while in one case, a regime of tacrolimus and steroids was used. In one patient, rapamycin and MMF were administered; in another, only rapamycin; the last one received only topical applications of steroid and tacrolimus ointments.
Complications and Side-effects
Complications requiring additional surgical intervention included early postoperative necrosis of a small skin area (n=2), arterial thrombosis (n=1) in the first postoperative day, and the occurrence of multiple arteriovenous fistulas (n=1). All these events were successfully treated. The majority of reported side-effects were infections [opportunistic infections, including cytomegalovirus (CMV) reactivation, with two cases presenting clinical signs of infection; Clostridium difficile enteritis, herpes simplex blisters, cutaneous mycosis, ulnar osteitis by 
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Rejection Episodes
Rejection episodes were first suspected by visual inspection of the transplanted hand and usually confirmed by histological evaluation of a skin biopsy. Acute rejection episodes occurred in 12 patients within the first year. Other episodes occurred when patients were not compliant with the immunosuppressive regimen or the regimen was decreased for different reasons (i.e. side-effects or team decision). It is important to note that all rejection episodes were completely reversible in all compliant patients. Treatment of rejection episodes included high-dose i.v. steroids, increase in oral steroid treatment, ATGs, Basiliximab or Campath-1H. Tacrolimus, corticosteroid or flumix ointment, either administered alone or in combination between them, was applied in all cases displaying signs of rejection (Table 5 ). 
Patient and Graft Survival
Patient survival was 100%. Of the 23 hands transplanted, all were viable at 1 year after transplantation; then eight graft failures occurred, caused by progressive rejection in a noncompliant patient [8] and in the Chinese patients who did not take the immunosuppressive treatment.
Pei communicated these last failures in Tucson in January 2006.
Functional Results
All viable hands presented normal skin colour and texture, as well as normal hair and nail growth. Arterial blood supply and venous outflow have been satisfactory in all patients. Protective sensation recovery (i.e. the ability to detect pain, thermal stimuli and gross tactile sensation) occurred in all grafted hands. Nerve regeneration allowed a certain degree of discriminative sensation although this was not to the same degree at all parts of the graft. Twentyone hands were evaluated for static, two-point fingertip sensory discrimination 2 years after transplantation. Five hands showed excellent return of discriminative sensation according to the Highet Scale (grade S4; 2-6 mm). Two hands showed good results (grade S3+; 7-12 mm), and ten hands displayed a satisfactory degree of recovery (grade S3; >15 mm). In four hands, no discriminative sensation was detected (grade S2). Motor recovery began with extrinsic muscle function, allowing all patients to perform grasp and pinch activities. Function of intrinsic muscles was observed only at a later stage, starting at 12 months posttransplantation in the majority of patients. A variable degree of thumb opposition and hand lumbrical/interossei muscle activity was apparent in 14 patients. Activation of intrinsic muscles was confirmed by electromyographic studies in several hands. Motility in some patients continued to improve, even after years. Extrinsic and intrinsic muscle recovery enabled patients to perform most daily activities, including eating, driving, grasping objects, riding a bicycle or a motorbike, shaving, using the telephone and writing. Where performed, functional magnetic resonance imaging showed that sensorimotor activations of the brain cortex progressively regained the classical hand area within 6 months postoperatively [9] (Table 6 ).
Conclusions
In conclusion, hand transplantation became a clinical reality, with immunosuppression comparable to transplantation of solid organs, but it is important to note that this immunosuppressive treatment is indispensable for graft survival. Combing hair 82
Grasping a glass 100
Pouring water 91
Brushing teeth 82
Riding a bicycle 64
Using cutlery 82
Holding hands 100
Shaving 64
Writing 73
